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• PhD in Experimental High Energy Physics — Florida State University,  
Tallahassee, Florida (2016)

- Photon+jet cross section analysis using data from the CMS  
experiment at LHC, CERN.

• Postdoc — Purdue University, stationed at Fermilab (2016 — 2018)

- Top quark pair spin correlation and polarization using data from the CMS experiment at LHC, CERN.

• Postdoc — Los Alamos National Lab (2018 — present)

- Decay of heavy flavor hadrons to single muons using data from PHENIX detector at RHIC, BNL. 

- X-ray radiography with a team of LANL scientists in physics and theory division.

Professional summary
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- Understanding gluon PDFs using photon+jet cross section measurement from the CMS 
pp data

- Heavy flavor “tagging”/classification using Machine Learning tools at PHENIX

- Unfolding development for top quark pair spin correlation and polarization at the CMS

- Other contributions to the CMS and PHENIX

- My interests in the EIC physics

Outline
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- Understanding gluon PDFs using photon+jet cross section measurement from the CMS 
pp data

- Heavy flavor “tagging”/classification using Machine Learning tools at PHENIX

- Unfolding development for top quark pair spin correlation and polarization at the CMS

- Other contributions to the CMS and PHENIX

- My interests in the EIC physics



➡ Photon+jet measurements are excellent probes of QCD and gluon 
distribution functions. 

➡ Total cross section at the hadron collider consists of perturbatively 
calculable parton level cross section and non perturbative hadronic 
matrix elements. 

➡ Improved understanding of PDFs is key to reducing theoretical 
uncertainties in other measurements such as Higgs boson 
production, and new physics searches.

Inclusive isolated-photon+jet in pp collisions at CMS
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matrix elements. 

➡ Improved understanding of PDFs is key to reducing theoretical 
uncertainties in other measurements such as Higgs boson 
production, and new physics searches.



Inclusive isolated-photon+jet in pp collisions at CMS
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➡ Photon+jet measurements are excellent probes of QCD and gluon 
distribution functions. 

➡ Total cross section at the hadron collider consists of perturbatively 
calculable parton level cross section and non perturbative hadronic 
matrix elements. 

➡ Improved understanding of PDFs is key to reducing theoretical 
uncertainties in other measurements such as Higgs boson 
production, top quark pair production, and new physics searches.

Top pair production through gluon fusion @ LO

Top-quark pair production cross 
sections at approximate NNLO as a 

function of the top-quark rapidity 
using different PDFs at NNLO with the 

respective PDF uncertainty

Eur. Phys. J. C 76, 471 (2016)



Photon & jet reconstruction and Id with the CMS
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Photon & jet reconstruction and Id with the CMS
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Photons are reconstructed 
using ECAL clusters 

Clustered depositions

Unclustered crystals



Photon & jet reconstruction and Id with the CMS
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Photons are reconstructed 
using ECAL clusters 

Clustered depositions

Unclustered crystals

Particle Flow Jets clustered using 
anti-kT algorithm with ΔR = 0.5



 Using Machine Learning in high background environment
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➡ ML output fit to get the signal purity from QCD multijet background.


➡ At the time when the analysis was started this was a novel technique.

Eur. Phys. J. C 79 (2019) 969
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➡ ML output fit to get the signal purity from QCD multijet background.


➡ At the time when the analysis was started this was a novel technique.

Scan over data sideband phase space in photon isolation 
to determine a region in data that describes the multijet 
background in the signal region. Eur. Phys. J. C 79 (2019) 969



Triple differential cross section measurement
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➡ Some examples of the measurement in different kinematic regions of photon and jet

➡ Measurement in total 224 bins in photon , photon pseudorapidity and jet pseudorapidity combinations. 

➡ In agreement with NLO QCD predictions, and in many bins more precise than the theoretical calculations given the PDF 
& scale uncertainties.

pT

Eur. Phys. J. C 79 (2019) 969



Probing the gluon PDF with direct photons @ LHC

15ajeeta@lanl.gov 06/17/2021

➡ Photon+jet measurements were discontinued in 
global PDF fits until recently.

➡ Inclusion of ATLAS 8 TeV isolated 
photon measurement shows more 
constrained gluon PDF over large range 
of parton momentum fraction, x, for  
NNPDF3.1

Eur. Phys. J. C (2018) 78



Impact of my work
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➡ CMS measurement in an isolated-
photon+jet triple differential cross section 
measurement w.r.t photon , photon 
pseudorapidity and jet pseudorapidity: 

 

➡ Combination of the photon and jet eta 
can probe a wide range of x. 

pT

x =
pγ

T

s
(e±ηγ + e±η jet)

Eur. Phys. J. C (2018) 78
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- Understanding gluon PDFs using photon+jet cross section measurement from the CMS 
pp data

- Heavy flavor “tagging”/classification using Machine Learning tools at PHENIX

- Unfolding development for top quark pair spin correlation and polarization at the CMS

- Other contributions to the CMS and PHENIX

- My interests in the EIC physics



Heavy flavors as a probe of cold and hot nuclear matter 
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mb > mc > ⇤QCD, Tc

Heavy flavor production at LO
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➡ Low  (collisional energy loss dominant): partially thermalize in Quark Gluon Plasma (QGP) medium?


➡ High  (radiative energy loss dominant): mass dependent energy loss in QGP?
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➡ Low  (collisional energy loss dominant): partially thermalize in Quark Gluon Plasma (QGP) medium?


➡ High  (radiative energy loss dominant): mass dependent energy loss in QGP?

pT

pT
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Previous efforts to study flavor dependent energy loss in mid-rapidity

RAA =
1

< Ncoll >

(dN/dy)AA

(dN/dy)pp

➡ At low : 


➡ Higher  suppression than .


➡ Consistent with the expected mass dependence: 



➡ At high :


➡ Poor systematic precision & narrow coverage in  
particularly due to pp baseline.


➡ Single muons from separated D/B hadrons have not 
been studied at forward rapidities. PHENIX has a 
unique ability to probe QGP at low momentum and 
forward rapidity bins.

pT

c → e b → e

ΔEg > ΔEu,d,s > ΔEc > ΔEb

pT

pT



ū
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Semi-leptonic decay

Muons from semi-leptonic decay of HF measured in 
muon arm in the forward/backward region of PHENIX
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Studying semi-leptonic decay of heavy flavors with the muon arms



ū
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Muons from semi-leptonic decay of HF measured in 
muon arm in the forward/backward region of PHENIX
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TABLE I. Lifetime c⌧0 of selected D and B states [1].

Particle Lifetime c⌧0

D0 129.9 µm

D+ 311.8 µm

B0 457.2 µm

B+ 491.1 µm

out chips constitute one sensor module, with four sensor
modules in a single ladder. Layers B0 and B1 have 5
and 10 ladders per arm, respectively. Layers B2 and B3,
were constructed using a novel silicon-stripixel technol-
ogy developed at Brookhaven National Laboratory. Each
4.34 ⇥ 6.46 cm sensor in these layers is segmented into
80µm⇥1000µm stripixels. These are implanted with two
serpentine metal strips defining two readout directions,
X and U , such that the two-dimensional location of hit
positions can be determined. Layers B2 and B3 have 8
and 12 ladders per arm, respectively, with 5(6) sensors
per ladder in B2(B3). Stripixel sensors are read out us-
ing the SVX4 readout chip, developed by a collaboration
between Fermilab and Lawrence Berkeley National Lab-
oratory [23].

III. METHODS

The goal of this analysis is to measure the invariant
yield of heavy-flavor electrons, independently for charm
and bottom decays. This is accomplished by exploiting
the fact that hadrons with bottom content have a longer
lifetime than those with charm, as shown in Table I for B
and D mesons [1]. As will be described in the following
subsection, the provenance of heavy flavor electron tracks
is determined statistically based on the distance of closest
approach in the transverse plane (DCAT ) between the
tracks and the beam center, which is the point relative
to which they are reconstructed,

Thus, the longer lifetime of the B, and its decay kine-
matics, will result in a broader DCAT distribution than
for electrons from the shorter-lived D mesons. How-
ever, the measured electron candidate sample contains
not only heavy flavor electrons, but also abundant back-
ground from a variety of sources (i.e., decays of ⇡0, ⌘, ⇢,
! J/ , K±, K0

s , ⌥ mesons and the Drell-Yan process,
as well as conversions of direct and decay photons), each
with its own characteristic DCAT shape. Once this back-
ground has been determined, the DCAT distribution of
inclusive heavy flavor electrons can be isolated. The indi-
vidual contributions from charm and bottom can then be
obtained through an inversion procedure often referred to
as unfolding [24]. We outline the steps involved in the
analysis as follows:

1. Measure the DCAT distribution of hadrons and

electrons candidate tracks in data, as a function
of track pT .

2. Model the DCAT distributions of nonheavy-flavor
background in the candidate electron sample by
simulating the following electron sources: ⇡0, ⌘,
direct photons, J/ , K0

s , K
±, and hadron contam-

ination.

3. Determine the fraction of electrons attributable to
each of the background sources considered, thus
normalizing the background DCAT distributions
relative to those of electron candidates in data.

4. Separate the contribution of charm and bottom de-
cays to the electron sample using Bayesian infer-
ence techniques. This step is constrained by the
measured electron DCAT distributions, as well as
by the invariant yield of inclusive heavy-flavor elec-
trons, previously published by the PHENIX collab-
oration [25].

This analysis used 110 pb�1 of integrated luminos-
ity collected during the 2015 p+p RHIC running period.
A family of EMCal-RICH triggers were used to maxi-
mize the number of electron tracks available for analysis.
These triggers segment the calorimeter and RICH detec-
tor into a series of tiles, triggering on events in which a
certain energy threshold is exceeded in a calorimeter tile,
and for some triggers requiring that a spatial match can
be found in the RICH.

A. Measuring Track DCAT

Track reconstruction is carried out using the central
arm spectrometers, as detailed in Ref. [8]. Electron can-
didates within 1.5 < pT [GeV/c] < 6.0 are identified by
matching reconstructed tracks with hits in the RICH,
and energy deposits in the EMCal.
Electrons traversing the RICH emit Čerenkov light,

which is amplified by photomultiplier tubes (PMT). A
maximum displacement of 5 cm is allowed between a
track projection and the centroid of the hit PMTs. For
tracks with pT < 5 GeV/c, at least one PMT hit is re-
quired in the RICH, whereas at higher pT at least three
hits are required, given that pions in this kinematic re-
gion begin to radiate in the RICH.
Additionally, the energy E deposited by a track in the

EMCal is required to match its momentum p, since—
unlike hadrons—electrons deposit the majority of their
energy in the calorimeter. This is quantified through the
variable dep = (E/p�µE/p)/�E/p, where µE/p and �E/p

correspond to the mean and width of a Gaussian fit to the
distribution of the energy-momentum ratio E/p around
E/p = 1, respectively. A cut on |dep| < 2 is then used to
select electrons.
Additional cuts involving the EMCal include restrict-

ing the displacement in �z and �� between the track
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➡ Heavy flavor decays leave a displaced vertex signature. 

➡ DCAR (DCA along the radial projection of tracks) can be 
precisely determined with FVTX+VTX.

Studying semi-leptonic decay of heavy flavors with the muon arms
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Supervised Machine Learning process

Input variables 
(x) for pythia 

embedded into 
data background

Input 
variables 

(x) for data
Supervised  

Learning
Mapping 

function f(x) Output

Training  
labeled data Known 

output



 vs Machine Learning outputDCAR

Non-prompt-like Test

Prompt-like Test

Non-prompt-like Test

Prompt-like Test

➡ Boosted Decision Tree (BDT) 
classifier is trained on multiple 
discriminating variables for more 
efficient classification.


➡ Input variable include: 
* ,  
* ,  
* ,  
* ,  
* primary vertex,  
* primary vertex uncertainty,  
* distance between vertex & 
closest detector hit.

DCAR
pT
η
ϕ

 simulation proxy for prompt-like particles.J/ψ → μ
 simulation proxy for long decays (non-prompt-like) particles.K → μ

Trained on two sources of background

Better 
Separation
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Feasibility study of the c/b extraction using ML output
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➡ Using the classification 
mapping function, ML 
output distribution is 
obtained for various 
background and heavy 
flavor muon signal 
processes.


➡ Pseudo data is generated 
using templates for signal 
and data.


➡ Signal proportion is varied, 
and feasibility of extracting 
the signal using ML output is 
studied.



Feasibility study of the c/b extraction using ML output
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➡ Using the classification 
mapping function, ML 
output distribution is 
obtained for various 
background and heavy 
flavor muon signal 
processes.


➡ Fitting is done simultaneously 
for tracks in prompt hadron & 
muon dominated region.

➡ Output b/(c+b) fraction agrees 
with the input within 
uncertainties for multiple input 
values.
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Top quark pair spin correlation and polarization
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➡ Heaviest fundamental particle: mt = 173.34±0.27(stat)
±0.71(syst) GeV [arXiv: 1403.4427].


➡ Short lifetime:


➡ In SM: Top quarks produced by strong interaction are 
mostly unpolarized but QCD causes top-quark spins to be 
correlated.


➡ In BSM scenarios: Resonances decaying to top can 
modify the correlation.
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Decay products 
carry the top spin 
information. 
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Unfolding in particle physics
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➡ Distributions measured by any detector are modified from the true underlying distribution due to its finite resolution 
and limited acceptance. 


➡ In the top quark analysis major contribution to the smearing come from detector response, kinematic reconstruction 
algorithms, particle shower, and hadronization.


➡ These effects can be corrected from the reconstructed distributions using regularizaed unfolding method to retrieve 
the differential cross sections at parton level in the full phase space.

true image

reconstructed image

Unfolding procedureunknown: estimate of true image
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➡ Distributions measured by any detector are modified from the true underlying distribution due to its finite resolution 
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Regularized TUnfold method with no bias

32ajeeta@lanl.gov 06/17/2021

�2
unf = �2

M + ⌧2�2
L + �

X

i

(Mx� y)i



Regularized TUnfold method with no bias
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�2
unf = �2

M + ⌧2�2
L + �

X

i

(Mx� y)i

�2
M = (Mx� y)TV �1

yy (Mx� y) Least sq. fit of re-folded output to the original data

�2
L = (x� f ⇤ x0)

TLTL(x� f ⇤ x0)

L matrix: Regularization term can be introduced to 
balance out negative correlation with positive correlation. 


: Gives strength of regularization.


Regularization condition that minimizes the curvature of the 
vector (x -f * x0) is used. Gives the difference between 

unfolded and the SM MC distributions where f is a 
normalization factor.

τ
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�2
unf = �2

M + ⌧2�2
L + �

X

i

(Mx� y)i

�2
M = (Mx� y)TV �1

yy (Mx� y) Least sq. fit of re-folded output to the original data

�2
L = (x� f ⇤ x0)

TLTL(x� f ⇤ x0)

L matrix: Regularization term can be introduced to 
balance out negative correlation with positive correlation. 


: Gives strength of regularization.


Regularization condition that minimizes the curvature of the 
vector (x -f * x0) is used. Gives the difference between 

unfolded and the SM MC distributions where f is a 
normalization factor.

τ

Constraint to ensure area of refolded output 
matches the input data 



Optimization of regularization strength
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➡ Larger tau will result in unfolded result close to the bias distribution (gen-level MC).


➡ Smaller tau results in larger statistical fluctuations. 

Name of the game is push and pull between 
matrix inversion and regularization 

Tune regularization strength to minimize the 
average global correlationUnfolding: Introduces  

negative correlation

Regularization: Introduces 
positive correlation



Regularization bias
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➡ When new physics is present we expect the spin coefficients will change. 

➡ Except when (x -f * x0) is linear, regularization will cause bias in the values of spin observables 

because the curvature is non zero.

➡ Unique “Bin Factor Function” (BFF) are computed for different spin observables to ensure 

regularizing the curvature is unbiased in the presence of a new physics.

➡ Test of “linearity” i.e. lack of regularization bias by injecting 20 different values of coefficients 

that differ from SM prediction by +/-0.5.



Linearity test
• For each measured bin, a linearity plot is created based on the measured response to injected signal


• for an unbiased measurement the slope of each linearity plot should = 1

• As expected, after inserting the appropriate BFF the unfolding gives an unbiased response to arbitrary changes in the 

model parameter C

• example here for C, but true for all of our spin variables

with no BFF, the slope of the linearity plot is up to 35% away from unity with correct BFF, bias is ~zero (note y-axis scale)
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Linearity test
• For each measured bin, a linearity plot is created based on the measured response to injected signal


• for an unbiased measurement the slope of each linearity plot should = 1

• As expected, after inserting the appropriate BFF the unfolding gives an unbiased response to arbitrary changes in the 

model parameter C

• example here for C, but true for all of our spin variables

with no BFF, the slope of the linearity plot is up to 35% away from unity with correct BFF, bias is ~zero (note y-axis scale)
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Regularization bias
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➡ When new physics is present we expect the spin coefficients will change. 

➡ Except when (x -f * x0) is linear, regularization will cause bias in the values of spin observables 

because the curvature is non zero.

➡ Unique “Bin Factor Function” (BFF) are computed for different spin observables to ensure 

regularizing the curvature is unbiased in the presence of a new physics.

➡ Test of “linearity” i.e. lack of regularization bias by injecting 20 different values of coefficients 

that differ from SM prediction by +/-0.5.

For unbiased measurement, slope of linearity plot = 1 



Linearity test
• For each measured bin, a linearity plot is created based on the measured response to injected signal


• for an unbiased measurement the slope of each linearity plot should = 1

• As expected, after inserting the appropriate BFF the unfolding gives an unbiased response to arbitrary changes in the 

model parameter C

• example here for C, but true for all of our spin variables

with no BFF, the slope of the linearity plot is up to 35% away from unity with correct BFF, bias is ~zero (note y-axis scale)
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Linearity test
• For each measured bin, a linearity plot is created based on the measured response to injected signal


• for an unbiased measurement the slope of each linearity plot should = 1

• As expected, after inserting the appropriate BFF the unfolding gives an unbiased response to arbitrary changes in the 

model parameter C

• example here for C, but true for all of our spin variables

with no BFF, the slope of the linearity plot is up to 35% away from unity with correct BFF, bias is ~zero (note y-axis scale)
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Regularization bias
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➡ When new physics is present we expect the spin coefficients will change. 

➡ Except when (x -f * x0) is linear, regularization will cause bias in the values of spin observables 

because the curvature is non zero.

➡ Unique “Bin Factor Function” (BFF) are computed for different spin observables to ensure 

regularizing the curvature is unbiased in the presence of a new physics.

➡ Test of “linearity” i.e. lack of regularization bias by injecting 20 different values of coefficients 

that differ from SM prediction by +/-0.5.

For unbiased measurement, slope of linearity plot = 1 

c_kk: spin correlation 
coefficient in the 
direction of top 

in  zero momentum 
frame. 

Generated by P- and 
CP- conserving 

interactions.

tt̄



Unfolded distribution example
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distribution related to 
the c_kk coefficient

reconstructed yield unfolded cross section

Phys. Rev. D 100, 072002 (2019)



- Understanding gluon PDFs using photon+jet cross section measurement from the CMS 
pp data

- Heavy flavor “tagging”/classification using Machine Learning tools at PHENIX

- Unfolding development for top quark pair spin correlation and polarization at the CMS

- Other contributions to the CMS and PHENIX

- My interests in the EIC physics

Outline
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- Optimization of algorithm used for mitigating spikes (anomalous signals observed in the 
CMS-ECAL from direct ionization of avalanche photodiodes).

- Photon identification performance studies with the E  Physics Object Group at the CMS.

- Code development for the CMS Pixel Data Quality Monitoring. 

- Mechanical assembly of the forward pixel detector for Phase I upgrade of the CMS detector. 

- Starting the study of transverse and longitudinal spin asymmetries using the correlations of 
tracks measured by the muon tracker and FVTX detectors at PHENIX experiment. 

- Various mentoring, outreach, and teaching activities….etc.

γ

Other contributions not mentioned in detail
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- Understanding gluon PDFs using photon+jet cross section measurement from the CMS 
pp data

- Heavy flavor “tagging”/classification using Machine Learning tools at PHENIX

- Unfolding development for top quark pair spin correlation and polarization at the CMS

- Other contributions to the CMS and PHENIX

- My interests in the EIC physics

Outline
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EIC efforts of interest
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HF tagging

LO diagram for the production of charm in CC 
electron-proton DIS @ EIC

➡ DIS jet production can provide access to flavor separated probe of 
pQCD. 

➡ In eA collisions, it can probe initial/final state cold nuclear matter effects. 

➡ I’ve experience with particle flow jets at the CMS. 

➡ I have experience with HF tagging using ML. 


➡ I have experience with regularized unfolding methods to correct for 
detector effects that would be applicable at EIC.



Summary
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➡ Led two major HEP analyses by CMS in photon+jet and top quark. 

➡ Leading efforts on the study of charm/bottom separated study of single muons in the 

Heavy Ion program at PHENIX.

➡ Experience in advanced statistical tools, such as unfolding and ML. 

➡ Experience in MC and data analysis. 

➡ Have taken relevant courses and some experience  

on detector work.

➡ Diverse experiences in different high energy/nuclear physics  

projects, including a project aimed towards stockpile  
stewardship. 


➡ Enjoys working with jets. 



Thanks!
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Additional Materials
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QCD
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CMS
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CMS ECAL
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CMS ECAL
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fSM
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Constrain on Wilson coefficient that is related to the operator that results in 
top quark CMDM in the EFT framework
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Heavy Flavor production at PHENIX forward rapidity

Dominant at RHIC

arXiv:2005.14276PRD 99, 072003

Dominant at LHC
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Heavy Flavor studies at PHENIX

‣ Single muons from separated D and B 
hadrons have not yet been studied at 
forward rapidity at RHIC. 

‣ PHENIX has a unique ability to carry out 
c/b separated heavy flavor study at low 

 and forward rapidity bins.

‣ Can probe mass/flavor dependent 
energy loss mechanism in QGP.

pT

Invariant cross section of 
muons from open heavy-flavor 

decays in p+p collision at 
 GeVsNN = 200

c/b separated  using single 
electron data at  GeV

RAA
sNN = 200

PhysRevD.95.112001

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.95.112001&v=67168b97
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.95.112001&v=67168b97


Kinematics acceptance of heavy flavor decay products

• MuTr, MuID and FVTX 
make up the muon-arm.


• 1.2<|η|<2.2(2.4) for 
south(north) arm, full 
azimuthal coverage.


• ~10 int length absorbers 
to reject hadronic 
background.


• Hit in the VTX (|η|<1.0) 
constraints FVTX tracks in 

.ϕ 3 stations of cathode strip chambers for charged particle tracking 
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Kinematics acceptance of heavy flavor decay products

• MuTr, MuID and FVTX 
make up the muon-arm.


• 1.2<|η|<2.2(2.4) for 
south(north) arm, full 
azimuthal coverage.


• ~10 int length absorbers 
to reject hadronic 
background.


• Hit in the VTX (|η|<1.0) 
constraints FVTX tracks in 

.ϕ Alternating layers of plastic proportional tubes for muon 
identification and steel absorbers
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Kinematics acceptance of heavy flavor decay products

• MuTr, MuID and FVTX 
make up the muon-arm.


• 1.2<|η|<2.2(2.4) for 
south(north) arm, full 
azimuthal coverage.


• ~10 int length absorbers 
to reject hadronic 
background.


• Hit in the VTX (|η|<1.0) 
constraints FVTX tracks in 

.ϕ
Vertex detectors for precise tracking and vertex measurement
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• T-Matrix: (T-Matrix + 
small diffusion const 
( ). Strong 
QGP coupling.

• SUBATECH: Boltzmann 
equation + running 
coupling + realistic hard 
thermal loop 
calculations.

• DGLV: Energy loss + 
plasma w/ static 
potentials.

• More precise 
measurement needed to 
distinguish between 
different models. 

2πTD = 4

 

Model comparison
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• T-Matrix + small 
diffusion const 
( ): 
Consistent with data. 

• T-Matrix + large 
diffusion const 
( ) 
inconsistent with data.

• DGLV models: More 
precise measurement 
needed to separate 
between DGLV 
models with different 
gluon densities.

2πTD = 4/6

2πTD = 30

b-fraction model comparison
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